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(54) METHOD AND DEVICE FOR MONITORING DETERIORATION OF BATTERY 

(57) This invention makes it possible to inform a 
user of a battery replacement timing and a necessity for fig. i 

maintenance by storing in advance a reference vale of 
average battery temperature rise speed, obtaining an 
actual value of average battery temperature rise speed 
by measuring the battery temperature during charging, 
determining the battery deterioration easily, reliably, and 
irrespective of ambient temperatures at which the bat- 
tery is charged and discharged by comparing the actual 
value of average battery temperature rise speed with 
the reference vale of average battery temperature rise 
speed. 
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Description 

Field of the Invention 

This invention relates to method and device for 
monitoring deterioration in storage battery mounted as 
a power source for example on an electric motor-oper- 
ated vehicle. 

Technical Background 

For example, there are the Ni-MH secondary bat- 
tery and the lead-acid secondary battery as batteries to 
be mounted as a power source for the electric motor- 
operated vehicle. The discharge capacity of such batter- 
ies gradually decreases through cyclic uses. 

It is conceivable to carry out the maintenance 
including replacing, cleaning, and replenishing the elec- 
trolyte liquid of the battery after determining the deterio- 
ration of the battery by a voltage comparison method. 
However, the voltage comparison method requires cum- 
bersome temperature compensation because the bat- 
tery voltage itself changes with the ambient 
temperature. 

Therefore, at the moment there is no simple, relia- 
ble means for constantly providing information on the 
necessity for the maintenance by accurately determin- 
ing the state of deterioration of the battery as a power 
source of the electric motor-operated vehicle even dur- 
ing use, although such information is important. 

The object of the invention made in view of the 
above situation is to provide method and device for 
monitoring deterioration in the storage battery that 
makes it possible to determine simply and reliably the 
state of deterioration in the storage battery capacity. 

Disclosure of the Invention 

The storage battery deterioration monitoring 
method of the invention makes it possible always to 
accurately determine the state of deterioration of the 
battery irrespective of the ambient temperatures at 
which charging and discharging are carried out and to 
inform a user of the necessity for maintenance and the 
battery replacement timing through the following steps: 
A reference value of average battery temperature rise 
speed is stored in advance, an actual value of the aver- 
age battery temperature rise speed is determined from 
the measurement of the battery temperature rise during 
charging, and the actual value of the average battery 
temperature rise speed is compared with the reference 
value of the average battery temperature rise speed to 
determine the degree of deterioration of the battery. 

The value of the average battery temperature rise 
speed is determined by measuring and storing the bat- 
tery temperature at the time of starting charging at a 
constant current, farther measuring the battery temper- 
ature after a specified period of time of charging, and 



calculating the average battery temperature rise speed 
for the specified period of time. The average battery 
temperature rise speed calculation makes accurate 
determination possible. 

s Also, display of deterioration level and/or warning of 

battery deterioration based on the determination of bat- 
tery deterioration may inform the user of the necessity 
for the battery replacement timing and maintenance. 
The battery deterioration monitoring device of the 

10 invention comprises; reference value storage means for 
storing the reference value of the average battery tem- 
perature rise speed, battery temperature detection 
means for measuring the battery temperature during 
charging, battery temperature rise speed calculating 

is means for determining the average battery temperature 
rise speed by measuring the battery temperature during 
charging, and battery deterioration degree determina- 
tion means for determining the degree of battery deteri- 
oration by comparing the actual value of the average 

20 battery temperature rise speed with the reference value 
of the average battery temperature rise speed. Compar- 
ison of the actual value of the average battery tempera- 
ture rise speed with the reference value of the average 
battery temperature rise speed, and determination of 

25 the degree of deterioration easily and accurately irre- 
spective of the ambient temperatures at which the bat- 
tery is charged and discharged makes it possible to 
determine the degree of battery deterioration accurately 
and to inform the user of the battery replacement timing 

30 and the necessity for maintenance. . 

Also, the battery temperature rise speed calculating 
means measures and stores the battery temperature at 
the start of charging at a constant current, measures the 
battery temperature after a specified period of time of 

35 charging, and then calculates the average battery tem- 
perature rise speed for the specified period of time. 
Since the average battery temperature rise speed is cal- 
culated with a simple device, accurate determination is 
made. 

40 Also, deterioration level display means for display- 
ing the deterioration level based on the determination of 
the degree of the battery deterioration and/or battery 
deterioration warning means for issuing warning of the 
battery deterioration are provided. By using a simple 

45 device and displaying the deterioration level and/or issu- 
ing battery deterioration warning, the user is reliably 
informed of the battery replacement timing and the 
necessity for the maintenance. 

so Brief Description of Drawings 

FIG. 1 is a block diagram roughly showing a battery 
deterioration monitor device. 

FIG. 2 is a graph of test results showing the rela- 
55 tionship between dischargeable capacity after repeated 
charge-discharge cycles and average temperature rise 
speed of the battery during charging. 
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The Best Form of Implementing the Invention 

An embodiment of method and device for monitor- 
ing battery deterioration will be hereinafter described in 
detail in reference to the drawings. 

FIG. 1 is a block diagram roughly showing a battery 
deterioration monitor device. FIG. 2 is a graph of test 
results showing the relationship between dischargeable 
capacity after repeated charge-discharge cycles and 
average temperature rise speed of the battery during 
charging. In the graph, the line showing the change in 
Tup values shows the reference value. 

A battery deterioration monitor device 1 monitors 
the deterioration of a battery 2 mounted on a motor- 
operated vehicle such as an electric motor-assisted 
bicycle. A series circuit of the battery 2 and a switch 3 is 
connected in parallel to a series circuit of a load 4, a 
switch 5, and a connector 6. At the time of charging, a 
charger 7 is connected through the connector 6. The 
battery 2 is a Ni-MH secondary battery for example. The 
load 4 is an electric motor or the like. 

The switches 3 and 5 are controlled with charge- 
discharge control means 26 in a controller 8. To run the 
electric motor-operated vehicle, the switches 3 and 5 
are closed to discharge electric power to the load 4. The 
control means 26 also controls the amount of electric 
discharge to the load 4 during the running. When the 
electric motor-operated vehicle is stopped for charging 
at night for example, the battery 2 is connected through 
the connector 6 to a charger 7, and the charge-dis- 
charge controller 26 controls to close the switch 3 and 
open the switch 5 so that the battery 2 is charged. 

In this way, charge-discharge cycle of the battery 2 
relative to the load 4 is repeated (cyclic uses) with com- 
mands from the charge-discharge controller 26 of the 
controller 8. Here, a voltage sensor 9 detects the volt- 
age of the battery 2 and the voltage information is sent 
to the charge-discharge control means 26 so that a volt- 
age -A V is detected during charging, and a final voltage 
is detected during discharging. Also, the temperature of 
the battery being charged is monitored with a tempera- 
ture sensor 10 and the temperature information is sent 
to battery temperature detection means 21 and the 
charge-discharge control means 26 of the controller 8. 

The controller 8 comprises; reference value storage 
means 20, battery temperature detection means 21, 
battery temperature rise speed calculation means 22, 
and battery deterioration degree determination means 
23. The reference value storage means 20 stores in 
advance the reference value (the line in FIG. showing 
the change in the value of Tup) of the average tempera- 
ture rise speed of the battery 2. The battery tempera- 
ture detection means 21 calculates the battery 
temperature using the temperature information from the 
temperature sensor 10. The battery temperature rise 
speed calculation means 22 measures the temperature 
of the battery 2 during charging and calculates the aver- 
age temperature rise speed of the battery 2. In this 



embodiment, in the Ni-MH battery for example, at the 
time of charging at a constant current, the first step 
charging is finished by the detection of a voltage -A V, or 
dT/dt, and the battery temperature, and moves on to the 

5 next charging. With this method, the battery tempera- 
ture (Ts) at the start of constant current charging and 
the battery temperature (T10) after for example 10 min- 
utes from the charging start are measured, and the 
average temperature rise speed of the battery 2 over 

10 the 10 minutes (°C/min) is calculated as the battery 
temperature (T10) after 10 minutes from the charging 
start minus the battery temperature at the charging start 
divided by 10 minutes. 

The battery deterioration degree determination 

75 means 23 determines the deterioration degree of the 
battery 2 by comparing the actual value of the average 
temperature rise speed of the battery 2 with the refer- 
ence value of the average temperature rise speed of the 
battery 2. That is to say, the state of deterioration of the 

20 battery 2 is determined by comparing the actual aver- 
age temperature rise speed value Tup of the battery 2 
with the average temperature rise speed value Tup 
which has been stored in advance. 

Here, the period of time for calculating the average 

25 temperature rise speed of the battery 2 is not limited to 
10 minutes used in this embodiment. However, for 
improving the accuracy. 5 minutes or longer is prefera- 
ble. The battery temperature rise speed may be deter- 
mined accurately with the charging time of 10 minutes, 

30 which applies to all the Ni-MH batteries. 

The battery deterioration monitor device 1 is also 
provided with deterioration level display means 24 for 
displaying the determined deterioration level and bat- 
tery deterioration warning means 25 for issuing battery 

35 deterioration warning. The degree of battery deteriora- 
tion is determined with the controller 8 and the deterio- 
ration level is displayed with the deterioration level 
display means 24. The deterioration level display indi- 
cates how many cycles of discharge may be made or 

40 how many kilometers the vehicle may run from now on 
in either analog or digital form. Also, battery deteriora- 
tion warning is issued from the battery deterioration 
warning means 25. The battery deterioration warning 
may be issued by either a lamp or a buzzer. In this way, 

45 using the simple device of the deterioration level display 
means 24 or the battery deterioration Warning means 
25, the user is reliably alerted to the battery replace- 
ment timing or the necessity for maintenance. 

As seen from FIG. 2 of the relationship between the 

so possible vehicle travel distance (dischargeable capac- 
ity) and the average battery temperature rise speed 
value Tup, the possible vehicle travel distance (dis- 
chargeable battery capacity) decreases, and the aver- 
age battery temperature rise speed value Tup increases 

55 with the lapse of discharge cycles. When the deteriora- 
tion level exceeds a certain value (Tup = TupD), the 
battery capacity thereafter decreases rapidly. When the 
value Tup becomes equal to the value TupD, warning is 
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issued with the deterioration level display means 24 or 
the battery deterioration warning means 25 to inform 
the user of the battery replacement timing before the 
discharge capacity decrease rapidly or the necessity for 
maintenance. 5 

In the above description, the reference value is the 
curve showing the change in the Tup value of FIG. 2. 
However, this invention is not limited to such an 
arrangement but for example also includes an arrange- 
ment in which only one point of TupD is stored as a ref- 10 
erence value and display or warning is issued only 
when the actual average temperature rise speed Tup 
reaches the TupD, or an arrangement in which refer- 
ence values of several points on the curve of FIG. 2 are 
stored in addition to the TupD and display is carried out 75 
every time the Tup reaches respective points. 

Possible Industrial Applicability 

As described above, the device for monitoring the 20 
deterioration of the battery is mounted on the electric . 
motor-operated vehicle such as the electric motor- 
assisted bicycle and informs the rider of the battery 
replacement timing and the necessity for maintenance 
based on accurate information on the degree of deterio- 25 
ration in the battery capacity determined easily and 
accurately irrespective of ambient temperatures at 
which the battery is charged and discharged by compar- 
ing the actual value of average battery temperature rise 
speed with the reference value of average battery tern- 3d 
perature rise speed. Also, the degree of battery deterio- 
ration may be accurately determined by calculating the 
average battery temperature rise speed. Furthermore, 
displaying the deterioration level and/or warning the bat- 
tery deterioration make it possible to make the user 35 
aware of the battery replacement timing and the neces- 
sity for maintenance using a simple device. 

Claims 

40 

1. A method for monitoring deterioration of a battery, 
characterized in that a reference value of average 
battery temperature rise speed is stored in 
advance, an actual value of average battery tem- 
perature rise speed is obtained by measuring the 45 
battery temperature during charging, and the actual 
value of average battery temperature rise speed is 
compared with the reference value of average bat- 
tery temperature rise speed to determine the 
degree of battery deterioration. so 

2. A battery deterioration monitoring method of claim 
1 , characterized in that the average battery temper- 
ature rise speed is the value obtained by measuring 
and storing the battery temperature at the start of ss 
charging the battery with a constant current, further 
measuring the battery temperature after a specified 
period of time of charging, and obtaining the aver- 



age battery temperature rise speed over the speci- 
fied period of time. 

3. A battery deterioration monitoring method of claim 
1 or 2, characterized in that the deterioration level is 
displayed and/or the battery deterioration is warned 
according to the determination of the battery deteri- 
oration. 

4. A device for monitoring deterioration of a battery, 
characterized in that the device comprises; refer- 
ence value storage means for storing in advance a 
reference value of average battery temperature rise 
speed, battery temperature detecting means for 
measuring the battery temperature during charg- 
ing, battery temperature rise speed calculating 
means for obtaining an actual value of average bat- 
tery temperature rise speed by measuring the bat- 
tery temperature during charging, and battery 
deterioration determining means for determining 
the battery deterioration by comparing the actual 
value of average battery temperature rise speed 
with the reference value of average battery temper- 
ature rise speed. 

5. A battery deterioration monitoring device of claim 4. 
characterized in that the battery temperature rise 
speed calculating means measures and stores the 
battery temperature at the start of charging with a 
constant current, and further obtains the average 
battery temperature rise speed over a specified 
period of time of charging by measuring the battery 
temperature after the specified period of time of 
charging. 

6. A battery deterioration monitoring device of claim 4 
or 5, characterized in that the device is provided 
with deterioration level display means for displaying 
the deterioration level and/or with battery deteriora- 
tion warning means for giving warning against the 
battery deterioration. 
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FIG. 2 

Change (%) in possible vehicle travel distance 




Number of charge-discharge cycles (Times) 
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